A Corrosion-Resistant Metal Made Sensor for Fluid and
A Fluid Supply Device for which The Sensor |s Enpl oyed
Field of the Invention [0001] The present invention is
enpl oyed mainly for detecting a mass flow rate and/or
pressure in a gas supply line, and the |ike, enployed
in sem conductor manufacturing facilities, and is
concerned with a corrosion-resistant netal made

sensor for fluid, and a fluid supply device for which
the sensor is enployed, in which all of the gas
contacting faces are fornmed of corrosion-resistant
netals, such as stainless steel (SUS316L) and the

i ke, having excellent corrosion resistance even to

hi ghl y tve fl.uids,, T the corrosion-resistant

net al %;;fd{é%gaﬁ’g%?s%?ﬂ?%g%%gwﬁ% frRlvige and

| eak-free, and further %E_.Banced with respect to

detecting accuracy. Bac ound of the Invention [0002]
e mass flow

Conveptj opal | a capillary thermal -ty

rate ’SEM‘SSUP%Y D§V'°§&PT \ﬁ’g'ﬁﬁ fkgeSensor is quyed i zed
thermal -type mass flow rate sensor, for which

m cr o- machi ne technol ogi es have been enpl oyed, has

be idely used to neasure a mass flowrate of fluid
i neéﬁw:‘%ggg{’\é@ﬂ?ﬂﬂ ogi es, such as in chenmical analysis

ngj pment and the |ike. The former, or capillary
[0001] hd hepresap inveatien isrqrenioyed maindnfosdetdating hamass flow ratel
by the fact that the sensor has its gas contacting
and/of pressurg, ifea gas Suaply lines asddbe lilecemplayed is semidondactor
whi ch enhances the (1) corrosion resistance of the
manutachiring fagiliies, pad is eencemedwitk arcesos[opa@Sistaht swtaltrhade
capi |l ary thermal -type mass flow sensor nust be
sensogcgqﬁ fb.b@dand a fluid supply device for which the sensor is employed, in
“which all of the gas contacting faces are formed of corrosion-resistant metals,
- such as stainless steel (SUS316L) and the like, having excellent corrosion
resistance even to highly corrosive fluids. Thus, the corrosion-resistant metal
made sensor can be made particle-free and leak-free, and further enhanced with
respect to detecting accuracy.
Background of the Invention
[0002] Conventionally, a capillary thermal-type mass flow rate sensor, or a
silicon-made ultra-small sized thermal-type mass flow rate sensor, for which
micro-machine technologies have been employed, has been widely used to
measure a mass flow rate of fluid in various technologies, such as in chemical
analysis equipment and the like. The former, or capillary thermal-type mass

flow rate sensor, is characterized by the fact that the sensor has its gas

contacting faces made of stainless steel due to its structure, which enhances the
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with a resistance wire for a heater that is wound to
heat a capillary tube, which causes a problemthat

| eads to unevenness in property anong products. :
Anot her problemis that the response speed of the nass
flow rate sensor is slow due to the relatively large

heat capacities of the capillary tube and the
resistance wire formng the heater. [0004] On the
ot her hand, along with devel opnment in recent years of

the so-called "mcro-mchine" technol ogies, the
COmoRIoN [e5isianfe %fﬁaelﬁﬁf'?qutﬁlﬂpﬁ’ﬁ that it measurgst er, or of a
jlicon-made ultra-small sized thermal -type mass fl ow
[Oooéjat Q¢ Hhe capillary, thegaaktype daass fiewesensay must teasquipped
.. become popular, not only in the chem cal-related
with g resigtance yyire,fos @ heaternthiat isrweundrenheata capitary filss, dehich
such as the autonobile industry and the |i ke, because
causgs <3 | preblgrhdlaet lgadsatos wneventiesedin propentyl atppg predacts.
flow rate sensor can be manufactured by a single
Anothgrqreblentig that the sesponse ispged ofthemasssflow rate spRsdriie slow
anong products. Furthernore, extrenmely fast response
due tg the telatively largesheat capatitiesaafithe capiliany tabé and theisistance
capacities small by downsizing the sensor, all of :

wire fpRning the beategar ded as desired characteristics of a
sensor. [0005] However, it is noted that there exist

[0004jmridn she iteers hand baloag| wittl devélbpment iis 98céMgzars of the
ultra-small sized thermal -type nass flow rate sensors.

so-cafied figicronteshintdlitegmolayes, abé develepinehBBAE UtifzARA of the
problemthat is urgently needed to be solved. That

latterics of @ sflidonernaderaiim-sthall sizsdrtdrmal-Bpe MBSSAGW Pite’sdhsor,
sensor enploys silicon as a constituent conponent to

. have flirem gddelg amidert vag f actas BEGIRE %@ulé}r AStNERITER Fhe

_ difficulty encountered with conventional sensofs is
* chemichhbielatéxd sields( Bt aisbi indAcudAs Manifasluling floRfsesudhess %

easily corroded by fluids of the hal ogen

~ automobile industry and the like, because a silicon-made ultra-small sized
thermal-type mass flow rate sensor can be manufactured by a single processing,
thus reducing unevenness in properties among products. Furthermore,
extremely fast response speed as a sensor can be achieved by making heat
capacities small by downsizing the sensor, all of which are regarded as desired
characteristics of a sensor.

[0005] However, it is noted that there exist many problems to be solved with
silicon-made uitra-small sized thermal-type mass flow rate sensors. Among
other things, corrosion resistance is one problem that is urgently needed to be
solved. Thatis, a silicon-made ultra-small sized mass flow rate sensor employs

silicon as a constituent component to form gas contacting faces. Therefore, a

fundamental difficulty encountered with conventional sensors is that these
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famly and the |ike. [0006] Furthernore, organic
materials such as epoxy resin, an Oring and the

i ke, are used as sealing materials for the nass fl ow
rate sensor, thus nmaking the em ssion of particles,
or the occurrence of an outside |eak, unavoi dable.
Consequent |y, such sensors cannot be enpl oyed for the
gas supply line, and the 1like, in sem conductor
manufacturing facilities. [0007] Furthernore, another
problemexits with the mass flow rate sensor, nanely,

silicdneugas. sbmtacting fates agin by eusity esmeded Bﬁ MRRSof tHehaIBhEn
sensor occurs when the pressure of the fluid to be

familyanduhefike:hanges, or there may be distortion of the
sensor itself caused by a nmechanical tightening force

[0006]0r FirtHedble, [dhgani6 FtatsBals W& ab 'éfbo fesirl 'é_mgtﬁﬂgeand the

sensor is fitted to the gas supp y I ne.

like, MeQ¥edrHs scafittf MatdHNE AP BRSmh 's%ﬂstyra{HﬂB%szé tie

mass flow rate sensor. [0008 varil ous

emns&n@ﬁ h@l‘ BUARIRAVG BRe 'brﬂ@r?‘é‘ﬂééo%?' 5rP o?ﬂéd’e.e l{egfsﬁnav%idable

ficulties wth the ore-nentl one

wﬂ%éﬁé@gﬁﬁ” sehebfy cartSt B erinlRed (6RAB gap IR e aitF e
like, lﬁgg%l%ﬁﬁég;ﬁ%u?%w No. 2001- 141541 and t he
i k

erels provi enperature resi st ance
o002, e R oS T, bR
e 34856 (o 45 B89 RO re wer
e ol REEAG Y Ry ﬁﬂsw%m% T 4ef b o

oo A LG5 oA o 75, T

when %ﬁeo hasS T Ir sdengor |s(fiaed Bihe glJastsuppR/qll?ze. T‘lege problems
cause unevenness in detecting values of the mass flow rate sensor.

[0008] - So far, various techniques have been developed to solve these
difficulties with the afore-mentioned silicon-made uitra-small sized thermal-type
mass flow rate sensor. For example, with the devices of TOKU-KAI No.
2001-141540 and the TOKU-KAI No. 2001-141541 and the like, there is
provided a temperature resistance layer Es on the outermost layer of a film E,
formed on the upper face of the frame D made from a silicon substrate A, as
shown in Figure 20, to enhance stability of the film E. As shown in Figure 20,
E1 to Eadesignate a silicon oxide layer forming a film E, E4 designates a silicon
nitride layer, Es designates a platinum layer, and C designates lead connecting

hardware.

[0009] As stated above, with the afore-mentioned silicon-made uitra-small
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sized thermal -type mass flow rate sensor, as shown in
Figure 20, there is formed a silicon nitride |ayer E4
on the I ower face side of the frame D, or a
tenperature resistant |ayer E6 consisting of a
silicon nitride |layer, to enhance water resistance

and noi sture resistance of the filmE. [0010] Patent
Docunment 1: TOKU- KAl No. 2001- 141540 Public Bulletin

Pat ent Docunent 2: TOKU KAl No.2001-141541 Public
ventjaon Object of the

. | | et D sclpsure of the |
sizeffiesitial-tipe s fiowriale Sonsotyas shavaHiniauTeci0, there jeformed
.afore-nenti oped prople W t, conventi onal mass fl ow
a sitfi? piide BypCE Gy e I 3904 sl of sy Grmeda. ona faraprsniye
. oducts. i s .caused and the response speed is | ow
i E e o e il oa S PR o Sesanc
i s, used, .and.(2). that the em ssion of particles, the
and ’Bel,sﬁFPé?ﬁ%aB‘FeB 8if¥B B-caks, and the |ike, cannot be

voLded when a silicon-made ultra-small sized
IOO@hJ?@#ﬁPtQ%@?PAsJé TOKKALNS. 20041549 Ruhlic Budletins e

such sensors are |l ess corrosion-resi stant, and al so

becBatest Dognentd JOKU-KA iNas2001y 14 t84e sPublict Belletins s
flow rate occurs due to changes in pressure of the
f | uPt§closurecofte tnvestiomr changes in the fitting

mechani sm of the sensor. It is a prinmary object of

t heOpieetefihe investienon to provi de a
corrosion-resistant netal made sensor for fluid and a

[0011] | uThee srppent thwentien fsmiveswittie lafoteemeaticresd ipsolsiomk OwAtH,
and (a) to make it possible that ultra-snall sized
conventiotalcmessflow rate sensorgjumichtas (lrthatcumeenhess i pbpbity
usi ng mcro-machine technologies; (b) further, to
amonggiredicts e ssiubéa andatheuresponse speediis dslv yherc hacdsifary n

detecting values of the fluid pressure is
thermaltypermass dlolvyratedisersbe ib; used) ahd(2)1hdtehé eARSEN ofPartidiss,

i nvention equi pped with excellent corrosion
the ocagrestcanafepuisitle leaks, and the like, cannot be avoided when a
silicon-made ultra-small sized thermal-type mass flow rate sensor.is used
because such sensors are less corrosion-resistant, and also because
unevenness in detecting values of the mass flow rate occurs due to changes in
pressure of the fluid to be measured or changes in the fitting mechanism of the
sensor. It is a primary object of the present invention to provide a
corrosion-resistant metal made sensor for fluid and a fluid supply device for
which the sensor is employed, and (a) to make it possible that ultra-small sized
products with uniform quality can be manufactured by using micro-machine
technologies; (b) further, to make it possible that unevenness caused by
changes in detecting values of the fluid pressure is automatically adjusted; (c) to

make a sensor of the invention equipped with excellent corrosion resistance; (d)
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(4) to make it possible that a sensor, in accordance
with the invention, achieves high response speed and
to make the sensor particle-free; (e) to nake the
sensor outside-leakless; and (f) to make it possible
that both mass flowrate and fluid pressure are
detected by the sensor. Means to Solve the bject
[0012] Inventors of the present invention have
real i zed that by enploying mcro-machine technol ogies
to mi"&? 'FBPﬁ% blethatiasseiisep in Rerordaneawith thedavention, achiewes high
Wi re to connect elenents, and the |like, required
resp«pqﬁe ﬁp?@s and e, fake; the sensop pagisie-fraeide) ta makientheesensor
lenent, a lead wire and the like, required for a

""S'ﬂ?'é%aliﬁs@ geddOrtogaake Bypassibigthat othmess fiolorate anduid

substrate nmade of corrosion-resistant netal, such as

pressitrg jafg detecteddy thaisensore | i ke, can be made so that (a)
unevenness in quality of the sensor for fluid is

pr eMeapetp Solve dhe Objsabn resi stance and responsivity
are enhanced, (b) a particle-free and outside

[0012] e drventerssehdie present Hinesndion baye vealizedrthat byasmplbying
changes in detecting values of fluid pressure is
microamachine techinblpgiesj to Sored2 resistatch tHermbheforeenssre, § ABatee

nmoni tored through the pressure sensor part. A
a leagrwireo ty ponoéctcelements; dndr thil likeql requidi 1o &0 mdisk Mdw Rate
mass flow rate sensor part and the pressure sensor

sensquapart andha straincsehaoc elemdnt, 4 kadwins and tHenM@mi'ét?ﬂredrf@ﬁa
been built and operation tests have been perforned

pressufeersensor paR1By uEiey RF ahigNfiint TBERI bANa habshERN rEaka

based on the afore-nmentioned idea and the results o

corrosien-registantanetal, slich ¥ stamldssi 6 HnidAe IiRS, Sarrb8%Raddso
Caiml, is characteri zed by a corrosion- reS| st ant

that (ajair@vennels iAQuaity 6TARS tsbhsksrerﬂr flsia ié Bﬁéveh 6&3\6
rate and pressure of fluid are neasured by |ts el ng
resistance and responsivity are enhanced, (b) a particle-free and outside .
leakless sensor is achieved, (c) unevenness caused by changes in detecting
values of fluid pressure is automatically adjusted, and (d) fluid pressure can be
monitored through the pressure sensor part. A prototype of a sensor for fluid,
equipped with the mass flow rate sensor part and the pressure sensor part, in
accordance with the present invention, has been built and operation tests have
been performed thereon.
[0013] The present invention has been created based on the afore-mentioned
idea and the results of various tests. The present invention, as claimed in
Claim 1, is characterized by a corrosion-resistant metal made sensor constituted

so that the mass flow rate and pressure of fluid are measured by its being

equipped with a mass flow rate sensor part 3 comprising a corrosion-resistant
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equi pped with a mass flow rate sensor part 3
conprising a corrosion-resistant (5) substrate 2, and
athinfilmformng a tenperature sensor 3a, and a
heater 3b installed on the back face side of the
fluid contacting surface of the corrosion-resistant
substrate 2, and a pressure sensor part 4 conprising a
thin filmformng a strain sensor el ement 4a nounted
fluid contacting surface

n back face side of the
s”bsg'ﬁ't E ﬂ‘ztaaih'fbﬁ'ﬁb ing 8 temperatyretsanspr 3seand a heater 3b
. ention, as claimed in Claim2, according to the
mstall P e bagk fagenside ofcthe fiuid cantadtingt surfaesl ab the
that a_corrosion-resistant nmetal substrate 2 is
corrosjon-iegistant subsisatec?, randna pressute sarsor plartad comprising a thin
corrosion-resistant nmetal nmade sensor base 10 in a
film foraing 3 straini anspr elemantdlacowuatedi ony theubacic facesside pd Hes
outwardly, and the peripheral edge of the
fluid eontactingsurfaseiof thametabsabsteat@2t rate 2 is hernetical ly
wel ded to the sensor base 1.0. [0015] The present
[0014] nvidhet presentsnvandioneas clain@dinnCIaim 2¢acdoding té the iheention
invention as clainmed in daiml. or daim2, is nade
as claimedlim Claitmet, dsicqnstituled 5b that at doeroslopsesistant aletallvibsRse
flow rate sensor part 3 is corrected by the output of

2 is fittedl jntedbemeourtiagsgrooperiDadof 4 AOHOLioANESBIAS Phdtal made
invention as claimed in CCaim4 is made so that a thin

sensdri base-10i im @l state in which s 2l Oh&icling. sdrfécéoiﬁséﬁid&aﬁd
wth an insulating film5 fornmed on the back si

outwardlig, dndihe peviphaci edge 6fthbaerosionirBSistant metal substrate 2 is
corrosion-resi stant netal substrate 2, a netal filmM

hermétically ivelded to thesmmionbase 16ensor 3a, a heater 3b and a
strain sensor elenent 4a thereupon, and a protection

0015} 1T s uoni ot Con's o i e
as clafthed M Olairh 3. dTeClgin$ 2, isldddelso that the output drift to the pressure
of the mass flow rate sensor part 3 is corrected by the output of the pressure
sensor part 4.

[0016] The present invention as claimed in Claim 4 is made so that a thin film F
in Claim 1, Claim 2 or Claim 3, is constituted with an insulating film 5 formed on
the back side of the fluid contacting surface of the corrosion-resistant metal
substrate 2, a metal film M that forms a temperature sensor 3a, a heater 3b and
a strain sensor element 4a thereupon, and a protection film 6 to cover the
insulating film 5 and the metal film M.

[0017] The present invention, as claimed in Claim 5, is made so that a

corrosion-resistant metal made sensor for fiuid as stipulated in one of Claims 1

to 4 is mounted on a fluid controller in order that the flow rate and pressure can
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corrosion-resi stant netal made sensor for fluid as
stipulated in one of Cains | to 4 is nounted on a
fluid controller in order that the flow rate and
pressure can (6) be appropriately checked at the tine
of fluid control. [0018] The present invention, as
clained in Jaim6, is constituted so that a sensor
base 10 of the corrosion-resistant netal nade sensor S

be apffonfatiifcfidoie ct M BB Er biarodiel " ocy 21 equi pped
10018}, e Miefer i eHPh. 35 SetiB (7 Prfssconetidod sp thelea
sen{oks.agpﬁqgaq a&%:qoﬁo%\é\:"g%%tgp 5 l’rﬁéﬁ (15@%@; g{ap,t%hres ffml' lij‘llu% gg
stipuli5q 4 (% etiened gride Y i Beasege 31b o ademgly 21
ooy 1 reloon] e gl o S hvorucaig
betwBEH 155 JNg g, S14 G g duid Grnd fesfienaehoubatedfc for the
city, thus su%:essi ng strain of the mass flow

. hernet i ,
fluid B&l"g;@ 8rmefat gaskeh 24, intgrdepthat bamaetinity hetween thedbody
caysed by thrustin the netal gasket 27. Effects of
21 a@‘ﬂﬁ’el $RASAE base ['@mg$ld by theusting 4 metalidaske2 b thesugtt the
dnvention, a mass flow rate sensor is manufactured by
mediation 9fithe afarereentiosnd sensasdiase 1 16gard at the samé time stiffresef
a conventional silicon made ultra-small sized mass
of the |syctusaleceraparsnt diteglly raboveithg metab\gaskes87iis relativélyy
. anong products to a mninum In addition, a
raiseq &p Ih@!ff the alose-mentioned: hetmetidity thaisesupiposssingastphia, of tthe
substrate made with SUS316L used for the sensor
massdigwatesensor pagSorrekibe pressunakensdrpastbedusatidyahrusting
plate, and a resistance wire and the |like are made to

the mptal gasket27) ns so.as-to
Effects of the Invention

[0019] In accordance with the present invention, a mass flow rate sensor is
manufactured by applying micro-machine technologies, as in the case of a
conventional silicon made ultra-small sized mass flow rate sensor, thus reducing
unevenness in quality among products to a minimum. In addition, a
comosion-resistant metal substrate, for example, the substrate made with
SUS316L used for the sensor substrate, is processed to make the substrate a
thin plate, and a resistance wire and the like are made to be thin films so as to
make the heat capacity of the sensor part extremely small, thus increasing the
response speed of the sensor remarkably.

[0020] Also, in accordance with the present invention, all the gas contacting
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make the heat capacity of the sensor part extrenely
smal |, thus increasing the response speed of the
sensor remarkably. [00201 Al so, in accordance with the
present invention, all the gas contacting (7) faces
are constituted of a corrosion-resistant netal, and
the sensor part and the sensor base are assenbl ed by
wel di ng, and a netal gasket sealing is enployed to
nount the gas contacting faces and sensor part and
faces ares condlitited ofi axowabioa-rebistant avatal; bad thesensoh partramidi the
the sensor corrosion-free, particle free and outside

senspebaise amcassedtiiflad by welding,tamia metalazsketvatiag ¥ éhployed
present invention, a mass flowrate sensor and a

to mourddbe gas entacting fadesaarel sevsor paftidrd/sérebrBEse® bn tdvalve
corrosion-resistant netal substrate, thus making it

bodyparsd ithé dikep tingj wakirid) thersersér cofrosibrnees paktlef %bf and
anount) of the mass flow rate due to changes of the

outsifié loak-fre.essure, by using detecting values in the
pressure sensor part, to allow accurate detection of

[0021]hdn rigitioh| accdr@ara0with S breseHE MVEntHR, 8chass ﬂ%lvH’S

of -the pressure to the outside when necessary.

sens&lesard pal presalird hgerdorWpBAS ér&oégiacf&émyef&nﬁe% orP! fH2

schematic view of a sensor part of

corroSiBhiresisRRt frittdl SLBSFatBEfhak n‘lﬁggﬁgpﬁ Z’s EﬁBﬂe th 4 ﬁ{matﬁbl??ﬁ’

rate sensor according to ent 1 nve

of chErhgjléH @he dtift a%cﬁln@)S& tﬁ@%é&n \'@%tléed'ﬂaet {oC cﬁ’dnﬁ\é’s (8 uid

along line A-A of° Figure 1

pressi S shial Bl D, 17 88 5'%%%@"%&9&34&3;%@5@ G
accurbf¥ GetBEHP6S thaThAES AW b and also to output detected values of
the pressure to the outside, when necessary.

Brief Description of the Drawings
[0022] Figure 1 is a plan schematic view of a sensor part of a
corrosion-resistant metal made thermal-type mass flow rate sensor according to
the present invention.

Figure 2 is a cross-sectional schematic view taken along line A-A of
Figure 1.
Figure 3 is an explanatory drawing of the operating principle of a

corrosion-resistant metal made thermal-type mass flow rate sensor, according to

the present invention.
Figure 4 includes explanatory drawings illustrating the manufacturing
process of a sensor part, where (a) pertains to the preparation process of a

stainless steel thin plate, (b) pertains to the formation process of an insulation
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the present invention. Figure 4 includes explanatory
drawi ngs illustrating the manufacturing process of a
sensor part, where (a) pertains to the preparation
process of a stainless steel thin plate, (b) pertains
to the formati on process of an insulation (8) film§5,
(c) pertains to the formation process of a CG/Pt/Cr
film((a netal filmM, (d) pertains to the formation
rocess of a protection film®6, (e) pertains to the
fim 3.} perans I bedemmationaproegssoafraoGePY/Gs film (zometzb filn M)f )d)
pertains to the etching process of the back side of
pertaing te ithe foamatian paicessiof plpotectiomdilriod, (@) pertaivss to the
the separation etching process of sensor part 1.
formatiqu peocess sofaas exledtrodal insettinahole, \f) qriainsuts 1Hes ighehig
exanple of a corrosion-resistant netal nade fluid

processrafdhe béick side of the staitless ktedl thin plate)fand @) ?Eﬂéins to the
detecting circuit, for detecting the nass Tlow rate

separdtion edehisg prdcess df sertbor pagdr di ng to the present
invention. Figure 7 is a graph illustrating the

r el Biglcen Shispa ssictienal Schehtatipr aewUill@strating dh @xbigle of a
sensor output/bridge circuit output of the tenperature

corrosiengesistantir@tdl enddd sd se@sorgr aphs il lustrating various
characteristics of a sensor part, according to the

pr eRigiie 6 REPIbEIOBiaghin? ba EshaPdstestidgGreliR Bt a&eé@me

bet ween tenperature of a heater and"the resistanc

mass\flalwietedf 4 Bendaridreuid, WeBorditRy t%cthlel'f)rgege%?in% Ge: (D)

shows the rel ationship between current of the heater

andigite 7 %Séan?}f @sﬁt@étiﬂ@ #k rbmiohﬁﬂpﬁ{eﬁkﬁérgﬂ@g:p&é%éy?g

resi st ance, shows the relationshi

and tHePfiuid %@M\édrf&ﬁptftlbﬁdﬁé Bivlit QpRLSF thé itélﬁﬂ')@ra@ré Sefsdl aph

illustrating flow rate characteristics of a Sensor

\é\ﬂgi]guré@?ﬁﬁlﬂaé bPa'abhES’mtBﬁrafiﬁé VAo AP dISLte ARSI S Bensor - - -
ges by using pressure

part, according to the present invention, where (a) shows the relationship
between temperature of a heater and the resistance value of the temperature
detecting resistance, (b) shows the relationship between current of the heater
and the resistance value of the temperature detecting resistance, and (c) shows
the relationship between gas flow rate and sensor output.

Figure 9 is a graph illustrating flow rate characteristics of a sensor when
compensation is performed against pressure changes by using a pressure
sensor part 4.

Figure 10 is a diagram illustrating one example of flow rate response
characteristics of a sensor for fluid, in accordance with the present invention.

Figure 11 is a flow block diagram of a measuring circuit used for

measuring flow rate characteristics of a sensor S for fluid, in accordance with the
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sensor part 4. Figure 10 is a diagramillustrating one
exanple of flow rate response characteristics of a
sensor for fluid, in accordance with the present
invention. Figure 11 is a flow bl ock diagram of a
measuring circuit used for neasuring flow rate
characteristics of a sensor S for fluid, in accordance
with the (9) 1 present invention. Figure 12 is a flow
jagram of a neasuring circuit used for
pres?r}étgég?ﬂﬂlﬁ "flow rate characteristics to supply pressure
changes o{ﬁa sepsor .S for fluid, in accordance with
the%&"&e 5 mﬂﬂvi Bigek F{'Qﬁﬁ?@ 9k a measyring)cirevit used for
me illu ratitng flow rate characteristics, at the tine
agnng, gy (ate Fharagtedsliestopupplygiressuse shanges ofa sérisor 8 fon
fl idaccordrance W.th the present invention as neasured
uid, i paeproaRcewitl the presentipventions Fi gure 12. Figure 14 is
ac .oss-?gqti onal view illustrating an exanple of an
assEigHIg 1diadidiagram iusteting flomorate ichiatacteristios, datrihe time
t he present jnvention. Figure 15 is a cross-sectional
of supply,prassue Fhanges. afca sensarxSrfor duit imacesrdants with the
dr awi ngoof a sensor for fluid, according to the

present invention ag measured usimg therreedsiiring circait o Bigass 12.0nal
view illustrating the assenbly drawi ng of yet another
exdnigyre dft & senross-seotiorfal wiel atustratingg ah Oexdmepler 65 8t
invention. Figure 17 is a plan view illustrating

assergbly drawing of aysleasof foa fluids senubding 6 theapresemtanivdrionf | Ui d,
according to the present invention. Figure 18 is a
cr digureeldt isomarossi-sastivadleveve lillustrating @nBthar @kafmip@UéCan
17. Figure 19 is a side view of the assenbly of
assemhly drawing of a sensor for fluid, according to the present invention. .
Figure 16 is a cross-sectional view illustrating the assembly drawing of
yet another example of a sensor for fluid according to the present invention.
Figure 17 is a plan view illustrating another example of an assembly of
a sensor for fluid, according to the present invention.
Figure 18 is a cross-sectional view taken along line B-B of Figure 17.
Figure 19 is a side view of the assembly of Figure 17.
Figure 20 is a cross-sectional view illustrating the outline of a
conventional silicon made ultra-small sized thermal-type mass flow rate sensor.
List of Reference Characters and Numerals
[0023] S Corrosion-resistant metal made sensor for fluid
F  Thin film

M1 Metal film that forms a mass flow rate sensor part

Mz Metal film that forms a pressure sensor part

(10)



Figure 20 is a cross-sectional viewillustrating the
outline of a conventional silicon made ultra-snal
sized thernmal -type nmass flow rate sensor. List of

Ref erence Characters and Nunerals [0023) S
Corrosion-resistant netal made sensor for fluid F
Thin filmM Metal filmthat forns a nass flow rate
sensor part M Metal filmthat forms a pressure
sensor part (10) WCorrosion-resistant netal nmateri al
G GY¥ t Gopesiepaesistant metalmaateriglar t 2
Corrosion-resistant netal substrate 3 Mass flow rate
senSor @asto Bemeaspeadcht ure sensor 3ai.3a2 Tenperature
detecting resistances 3b Heater 4 Pressure sensor

par &ensorpanh sensor element 5 Insulation filmé6 -
Protection film®o6a Protection filmfor the nmass fl ow

rat2 sé&ososioparesistdii niutaltsubsirate fil mfor the strain

sensor part 7 Electrode insertion hole
3 Mass flow rate sensor part
3a Temperature sensor
3a1,3a2 Temperature detecting resistances
3b Heater
4  Pressure sensor part
4a Strain sensor element
5 Insulation film

-~ 6 . Protection film
¢ 6a Protection film for the mass flow rate sensor part

6b Protection film for the strain sensor part
7 Electrode insertion hole
9a - 9b Resists
10 Sensor base
10a Mounting groove
11 Heater driving circuit
12a Pressure offset adjustment circuit
12b Mass flow rate offset adjustment circuit
13 Offset adjustment circuit (for fine tuning)
14 Gain adjustment circuit

15a,15b Differential amplifying circuits

11)



9a - 9b Resists 10 Sensor base 10a Munting groove 11
Heater driving circuit 12a Pressure offset adjustnent
circuit 12b Mass flow rate offset adjustnent circuit
13 O fset adjustnent circuit (for fine tuning) 14
Gain adjustnment circuit 15a,15b Differenti al
anplifying circuits 0 1) 16 Mass flow rate out put
termnal 17 Fluid pressure output termnal 4ai 4a2
Strqi ens&r el enents 18 Signal treatnent circuit 19

n
vul t10p1 Mpsg fiew &aterutputdemainal - 20 Joint part 21 Body
base presser 23 Wring substrate presser 24

\ZN?r Sﬁgsé{iﬂéif%%egytp%emaie pins 27 Metal gasket
2P48V'7352 Strain sendor clements

18 Signal treatment circuit

19 Multiplying treatment circuit

20 Joint part

21 Body

22 Sensor base presser

23 Wiring substrate presser

24 Wiring substrate

25+ 26 Guide pins

27 Metal gasket

28 Rubber sheet

29 Lead pin

30 Lead wire (a gold wire)

31 Body

32 Pressure detector

33 Control Vaive

34 Piezo-electric valve driving device

35 Orifice

36 Filter

37 Relay substrate

38 Bearing

39 Fixture screw hole

(12)




30 Lead wire (a gold wire) 31 Body 32 Pressure
detector 33 Control Valve 34 Piezo-electric valve
driving device 35 Oifice 36 Filter 37 Rel ay
substrate 38 Bearing 39 Fixture screw hole (12) 40 He
gas source 41 Pressure adjuster 42 Pressure type flow
rate controller 43 D aphragm vacuum punp 44 Driving
circuit for the sensor S for fluid 45 Oscill oscope 46
Signal transmtter 47 3-way switching valve 48 Mass
f1 ow fidt dle gas spurcer essure” gages 49 Secondary side

pi pe passage of the pressure type flow rate
cont r b1 | &ressuipadjustaraci ty of 15cc or 50cc) 50

Pressure adjusting val ve
42 Pressure type flow rate controller

43 Diaphragm vacuum pump
44 Driving circuit for the sensor S for fluid
45 Oscilloscope
46 Signal transmitter
47 3-way switching valve
48 Mass flow meter
P1-P2 Pressure gages
49 Secondary side pipe passage of the pressure type flow rate
controller (inner capacity of 15cc or 50cc)
50 Pressure adjusting valve
So Flow rate output of the sensor S for fluid
Fo Flow rate output of the pressure type flow rate controlier
Mo Flow rate output of the mass flow meter
PT Output of the secondary side pressure gauge
51 Fluid flow-in inlet
52 Fluid flow-out outlet
Best Mode of Carrying Out the Invention
[0024] [Preferred Embodiment 1 of the Corrosion-Resistant Metal Made
Sensor for Fluid]
An embodiment in accordance with the present invention is described

as follows with reference to the drawings. Figure 1 is a plan schematic view of
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So Flow rate output of the sensor S for fluid Fo Fl ow
rate output of the pressure type flow rate controller
Mo Flow rate output of the mass flow neter PT Qut put

of the secondary side pressure gauge 51 Fluid flowin
inlet 52 Fluid flow out outlet Best Mdyde of Carrying
Qut the Invention [0024] [Preferred Enbodi nent | of
the Corrosion-Resistant Metal Made Sensor for Fluid]
An enbodi ment in accordance with the present invention
sensos pals tr Whish iszan essendiat paittdf a ebrosion-eesistaht thetal made
drawm ngs. Figure 1 is a plan schematic view of (13)

therrgal-type masst flow rathisehsorsaceording tnthiegdrepa@ittingdntidn.  Fiqure
corrosion-resi stant netal nmade thermal-type mass flow

2 is a grosssentianal achemalicgewdakéreomlires X ofi Figaret1.0n. Fi gure
2 is a cross-sectional schematic view taken on |ine

[0023}- ASerisoFpgttriecamprisad2bthirSestrasiorPrisistant (RSN sutRtrafd 2. M
corrosion-resi stant netal substrate 2, an insulation

insulatidmfiltn §dommeati on thé eppePkce il @k Siibsthe 2V ASHASS fow rafd
mass flow rate sensor part 3 and a pressure sensor

sensprapart 8 and nepressuriehsensop part!l Afemidd 7 he iupput ?édfeo&‘ the

film5, and a protection film®6, and the I'i ke, forne
insulationt film Seawl & Ippotectic MnFENSR thealke, %r?gfeﬁeorpﬂ'%sﬁﬁgf flow

sensor part 4, and the |like. Also, t

rate 8&Msc?- pEOL3, 000 prEssard l&WSBIaESﬂSE,n%%E = tii{(%.ec | gitﬁgs

a tenperature sensor 3a, a heater and

i 4
aforeanéhtioned ahaS<CAR ?étb%'éﬁgorpﬁﬁrlﬁ § LHo‘?np?%g; %;tﬁgﬁ{ﬁt{%mﬁ Rensor

conprises a strain sensor enent

* 3a, alfsHaCt WRH Xhe ks t AST Y %r&ﬂ%nﬁgﬁé@ Pl'%sm'eigﬁérfso?ggﬁé

thin filmF is formed with a nmetal
compAses a strain sensor element 4a, and the like, respectively. Furthermore,

as shown in Figure 2, a thin film F is formed with a metal film M that forms an
insulation film 5, and with temperature detecting resistances 3ai, 3az of the
temperature sensor 3a, a heater 3b, an electric conductive lead part (not
illustrated), a strain sensor element 4a and the like, and a protection film 6 on the
upper face side (or on the back face side of the fluid contacting surface) of the
corrosion-resistant metal substrate 2. And, an electrode insertion hole 7, with
an approximate size, is formed on the afore-mentioned protection film 6 by an
etching process.

[0026] A gas G to be measured flows in the direction of the arrow, shown in
Figure 2, along the comosion-resistant metal substrate 2 on the under face side
(or the surface side of the fluid contacting surface) of the sensor part 1 as shown
in Figure 2 and Figure 3. When this happens, some of the heat of the gas G is

given to the corrosion-resistant metal substrate 2, thus resulting in shifting of the
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insulation film5, and with tenperature detecting
resistances 3a!-, 3a2 -of the tenperature sensor 3a,
a heater 3b, an electric conductive |ead part (not
illustrated), a strain sensor elenent 4a and the |iKke,
and a protection film6 on the upper face side (or on
the back face side of the fluid contacting surface) of
the corrosion-resistant netal substrate 2. And, an

el ectrode insertion hole 7, with an approxi mate size,

temperafuse distritationiEt aiftee eorrdsibh-PeSstaRl PEEE kLB dtb '2“?11211 Rhe
an etching process. [0026] A gas G to be neasure

tempdratuse distributiond i Tog wheanthete I idw @gas W tﬂé‘ten’fﬂ%Hfu‘?e
2, along the corrosion-resistant nmetal substrate on

distribotion Mties showe irbFigare 3.0r the surface side of the fluid
contacting surface) of the sensor part | as shown

I N
[002Fj gk statedd abbUs!’ @hangedan iHa frf%rhﬁaaﬁné' dRHButGH @Qﬁa}

heat of the gas Gis gQiven to the corrosion-resis

corrosiirtesistdiit inicthEsubstrbft® chfsdd Silj?lg g’l'fo'f% ilglé‘sté 9 Bleselifed

(14) tenperature distribution
i R R R Rl N R I S
esis@telon ol W GBI o i e AU o
the (LAPERIGSLIFOEID attahtth Bon Chad” MHCH IR, 1 (omperature
sensdl 9 ThES e nbRe JRRC rud R B i Tl Y el
chanfa¥ e eltafe Wl g8 SLHIaht Pl aSaPSve Bated
operalfig Fhnt Pl RE 1SR 1< nSen DN ol shoeet i ngnoeeh s
of puthfy B LB Tt BB ieen favarterensoiser Faptge
a detdlB3 BxplafitioRlsomitad Rerawitn. dentical to that
{0028] Similarly, the pressure of the gas G, to be measured, is continuously
detected through mediation of output of the strain sensor element 4a, and the
pressure changes of gas G are detected as output changes of the strain sensor
element 4a. As described later, because output of the mass flow rate sensor
part 3 changes roughly in proportion to pressure of the gas G to be measured, a
detection value of the detected mass flow rate at the mass flow rate sensor part
3 is corrected by using a detected pressure value at the pressure sensor part 4.
[0029] The response speed and sensor sensitivity of the mass flow rate sensor
part 3 are affected by the corrosion-resistant metal material W, which forms the

afore-mentioned sensor part 1, because the thermal capacity of the sensor part

1 changes with its thickness. Referring to Figure 1 and Figure 2, in accordance
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of publicly known silicon nmade thermal -type mass fl ow
rate sensors. - Therefore, a detailed explanation is
omtted herewith. [0028] Simlarly, the pressure of
the gas G to be neasured, is continuously detected
t hrough nedi ati on of output of the strain sensor

el ement 4a, and the pressure changes of gas G are
detected as out put changes of the strain sensor

el enent 4a. As described | ater, because output of the

with thespreseotembodimeeh sostainfess tste| tHia plates (SVS816LY) dffess than
proportion to pressure of the gas Gto be neasured, a

150 glet thick isnusesd. udt isf padsiblel & eaise theTpespohbe §pesd andt sériver
mass flow rate sensor part 3 is corrected by using a

sensilivitg by adaking siwe thicknebs! fesattham 450 L en,StHus s REAN cdpicity of
[ 0029] The response speed and sensor sensitivity of

the semsorpart 1 liowliscabmatiens blowensr, tit goas Qviﬁbhﬁ%b?ﬂgmﬁaf B
corrosion-resistant netal material W which Torns the

thickaésy €oul@ Ibei MORSItHAANTSY 1. MAIF bufficieREFRPORsd BFeéJF @hd%ensor
capacity of the sensor part | changes with its

sensitidihc sreesssurdef erring to Figure 1 and Figure 2, in
accordance (15) with the present enbodi nent, a

[00307t AHESSHbBH 5ter, (thé Bfdth MhéhtionkP Hhation| fineS ﬁqéﬁ Ridizka®

U mthick is used. It is possible to raise

film @W%ﬁicﬁmw AP SE0E0M 8 Eﬁﬂ%&hé@‘g\y Y SRkhR Q6D

ness less than 150 u m thus t heat capacity of

methbdre (BRBMRal PRspor! deﬁoﬁh&? M OHZ;S Irgg%%aend%rvg@fﬁgﬁ

W t hout saying that 'the thic

emboHiflent, B 1 5 SHf fridkd 815, fgﬁs %@ﬁ ngﬁ%g\gt?i(g‘z\%ﬁ-ﬁé%le\ﬁpor

sensitivity are assure

oo ARSI bSO i, 1 L750,

aving a t cKness o

[0031@4 Tﬁ@?atfﬁfé-ﬁéhtiﬁrgeﬁé?rl\péi‘gﬁjp@%égégﬁ&&}%ﬁﬂapf?{%rm, 3a2 and

position ne n accor

heate&ﬂgo%éq'@%&% grﬁn%/g g%c%{ar‘ﬁlhhﬂﬂ? {ormeiy iRy a REIE Dafl¥m! (}ﬂgt
illustrated) for the mass flow rate sensor on the afore-mentioned insulation film 5.
In accordance with the present embodiment, the temperature detecting
resistances 3a1, 3az, and heater 3b, and the like, are made from a metal film
formed by a Cr/PY/Cr film (with thickness of 10/100/10 . m, respectively) that is
laminated, in order, by the vapor deposition method.

[0032] Similarly, a strain sensor element 4a is made from a metal film M2
formed by using a mask pattem (not illustrated) for the strain sensor part on the
afore-mentioned insulation film 5.  In accordance with the present embodiment,
the strain sensor element 4a, and the like, are made from a metal film M2 formed

by Cr/Cr-Ni/Cr film (with thickness of 10/100/10 u m, respectively) that is

laminated, in order by, the vapor deposition method.
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Deposition) method, has been used for the insulation
filmb5. [0031] The afore-nentioned tenperature
detecting resistances 3ai, 3a2 and heater 3b are made
froma netal filmM fornmed by using a nask pattern
(not illustrated) for the mass flow rate sensor on
the afore-nentioned insulation film5. [In accordance
with the present enbodi nent, the tenperature detecting
resi stances 3ai, 3a2, and heater 3b, and the |like, are
[0033d d herafeneamenticried protaction fie 6 isya #inbédyt loEovier thB upper
(with thickness of 10/100/10 u m respectively) that
partiof the tamperatude detecting eesistaycdsh®aiy 3a8)the ¢Ratdri 30 the strain
nmethod. [0032] Similarly, a strain sensor elenent 4a
sensqs elardenti4ayrand thetike. f inl abchRiante WitttheYprasémermbddimbnt,
pattern (not illustrated) for the strain sensor part

the 04 10h@.7 samothicknBI0Z e (the NAesA bW raté IsBhSor patt 3 and the
accordance with the present enbodinent, the strain

pressunes sensolr eparh t4) 4 fornidd by e | CYD. nﬁitﬁodT?‘Qeu%d? m AsBE "tt?%
filmM fornmed by Cr/Cr-N|/Crf|I.m(vvith.t I ckness "0
teltion Gilkh B)i ided i i ;
Pre order by, B?%@?Spi?%épﬁ?%p%ﬁ%‘tj .he:l;%cft %6@%@%%??%%@
made@byr:plemial stoRiflg MHethed ! totaly dub & biacfodd bdéﬂt, %@??’tﬂ% Tike,

cover the upper part of the tenperature

throughthé bRIZGEEe dertioddtole Yhe heater 3b, the strain
sensor element 4a, and the like. In accordance with

[0034%:1 ETHY B5ckTacs e dr 'fl?é‘Fonoéi&ﬁré%is‘*aﬁt%&a&%t?sén@é% 2' f {E{Qich

2 film(the nmass flow rate sensor p

formP58AsHH Farb N FOFinBRES wilth a ftﬂfcﬁft%%béf Ilegg ptﬁ%/([}) i @&zh(%j t ﬂ*g

used. Also, the protection _ y e by a
i e
' r inserti,o0 e 7.

W b8 indiiea e sol I8 thrbybh: Ry B Fptdign. Aaodescaed
later, "HedlseSAHARIY Hofméd YEHSOP? part 1 is hermetically fixed to the

corrosion-resistant metal made flow rate sensor base 10 by laser welding, or the

like, so that the corrosion-resistant metal made sensor S for fluid, according to
the present invention, having the structure as shown in F igure 5 is so constituted.
In Figure 5, 10a is a mounting groove provided on the sensor base 10.

[Work Process of the Sensor Part]
[0035] Next, a manufacturing work process of the mass flow rate sensor part 3,
which forms the afore-mentioned sensor part 1, is explained as follows. Figure
4 provides explanatory drawings showing the manufacturing process of the
mass flow rate sensor part 3, and pressure sensor part 4, which form the sensor
part 1 in accordance with the present invention.

[0036] First, as shown in Figure 4(a), a stainless steel made thin plate
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forms sensor part 1, is finished with a thickness of
| ess than 150, u m The sensor part 1 is eventually
separated fromthe corrosion-resistant netal naterial
Wby a nethod of the so-called "through-etching
processing." As described |later, the separately
formed sensor part 1 is hernetically fixed to the
corrosion-resi stant netal nmade flow rate sensor base
10 by laser welding, or the like, so that the

(SUSIIBLP Withnapiepridta HimaRsiahs, T8 ExafpRoGf fhel Giﬁn{e{%ép 870 to

according to the present i nvent i avi n

t 5
150nTh! $ICtaHE ANiRBNS P 1B59UhSN gggé?prow ?rgﬁ%i’ﬁﬁt for tHd

Figure 5, 10a is a nmounting gr

corro§%ﬁ5r@§|s’&ﬁ‘§ fnetd)- m&t\@ﬁ%lk 1 %%ﬁth%f}%ﬁ ofg%? g@ﬁ?ﬁ%ﬂah@gfg

0035] Next, a manufacturing wor

(for Jx%ﬁif'ﬂlé 3§rﬁaﬁﬁgﬁ ¢ st ?la’ie #@18{‘?;(5]{3)( pﬁlﬁgpﬁgg\eﬁhan a thin

nentlone sens

sk Lo 4 o 4 5%, SO e

rate sensor part 3, and pressure sensor part 4, which
formthe sensor part 1 in accordance with the present

W.

o037y 881, s B bt i, 5GR IR B rkere ity
i BB AP B i BT ol 38 56 e
stor Bl AR bbb gt Bl i
sl Eobepbf! G4 o BoEIbh Baiksh e siheoriLos”
e e b e
100385 &gtk sy SHown UnnFiou d{Gedhery ere fermest pBHoTS! 6te
tempe%tuut'ehgetectmg resistances 3a1, 3az, a heater 3b, and the like, made from
a metal film M1 formed by a Cr/Pt/Cr film (with thickness of 10/100/10 u m,
respectively) by employing an electronic beam heating-type vapor deposition
device and photo-mask patterns (not illustrated) for forming a mass flow rate
sensor part 3 on the afore-mentioned SiOz film 5.

[0039] Atfter the metal film M1, which forms the afore-mentioned mass flow rate
sensor part 3, has been formed, then patterns of a strain sensor element 4a, and
the like, made from a Cr/Cr-Ni alloy/Cr film (with thickness of 10/100/10 u m,
respectively) are made on the SiOz film 5, as shown by Figure 4(d), with a metal

film M2 by using photo-mask patterns (not illustrated) for forming the pressure

sensor part 4 instead of the photo-mask patterns for forming the mass flow rate

sensor part 3.
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af ore-nmentioned prepared stainless steel thin plate by
a plasma CVD device (Plasma-Enhanced Chem cal Vapor
Deposition Device) for which TECS
(Tetra-Ethoxy-Silane) is used.. [0038]. After that, as
shown in-.Figure 4(c), there are formed patterns of.
tenperature detecting resistances 3ai, 3a2, a heater
3b, and the like, nade from a netal filmM formed by
a C/pPt/C film(with thickness of 10/100/10,v m

[0040¢ s ped: thes) 3 SiGafilmn(al prefectiorafing|6; of tiickresb @R Bbproximately
heati ng-type vapor deposition device and phot o- nask

0.5 span, iscfonmeiront thiel temperattirecetéetingf resistanted 380 Ba2bhaWeater
rate sensor part 3 on the afore-nentioned SiQ2 film

3b, WhichOfB® thef measstfloav nateaserisor Pak 3, WAHCHh ki %&aihhsensor
af ore-nentioned nass flow rate sensor part 3, has

elenteat daf whivkdforibahe prédstre semorpait 421 Thé PRRGELIGH MREBT
4a, and the |iKke, I{ibz‘;de froma€pCr/Cr Ni grciﬂoy;Cr ?PP'S

dé throbgh ith '
reds b e st o AL i SRS e ol

which utitizélthe fpldsmaEVIY desich FoP Whichr ﬂ%sgfoP@He?\'hBﬁeé £0S is

illustrated) for form ng the pressure .sensor

emploped RASc@kdarite Wil EQuAPs(s).Pat terns for forming Pthe
ngss flowrate sengor pazt 3. (18) [0040] And then, a

[004f§10thdr, lom tha é?bt‘étrﬁﬁﬁﬁ&ﬂadf ;Srbfgctlgn gﬂ'f\ é%] Aﬁ?&é %noélgﬁrode

approxi mately [ era

takecﬁﬁ‘hSFet (aR2IESR I%H?tlm ﬁ)@é Qﬁﬁ‘ﬁ ady Bg?é(gzﬁ il tg\?t (Fﬁjgeg Bor

formthe mass flow rate sehsor par

the téhb@l’diur%eﬁéfé&tmﬁ r@éf?t% é@BaMﬁ%ﬁ?ﬁ@ é@%terh%ﬁpr T3 56,‘3 an

sensor part fection

electttotl@ tﬁkéﬁgsﬁﬁé \Xﬁ& L&Q{ﬁ%& ltﬁﬁ%tt)gfé1§ﬁ_&5e%5l 6{ LO@

gur el
that %\’g%tgc? ddgﬁ@ee %3\” %S%EBI‘ b%ﬂ%?ié A55ThS el iU S oul holes are

made by using photo-mask patterns. (not illustrated) to make an electrode -
insertion hole, in accordance with Figure 4(f), employing the plasma etching
device that uses CF4gas.

[0042] Because SUS316L or Cr has a high tolerance to the plasma of CFs gas,
etching progress stops automatically upon completion of etching of the SiO2 film
6. Accordingly, there is no danger at all that so-called “over-etching” may
occur.

[0043] Lastly, after resists 9a, 9b have been coated, sensor part 1 is detached
from the material W by cutting through, in a circular shape, with the etching
treatment using ferric chloride solution (FeCls - 40wt%).

[0044] The circular shaped sensor part 1, once separated from the material W,

is fitted into the mounting groove 10a of the sensor base 10, formed in the shape
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[0041] Then, on the afore-nentioned protection film®6
are made an el ectrode takeout hole (an el ectrode
insertion hole 7) with a bore of 200 p mthat is used
for the tenperature detecting resistances 3ai, 3a2
and heater 3b, and also an el ectrode takeout hole
(not illustrated), with a bore of approximtely 100

m that is used for the strain sensor elenent 4a. The
el ectrode takeout holes are made by using photo- mask

as shawn & ffigure S cind is wetdedadneidjxeti hermbtically te tiecédrsde base 10
insertion hole, in accordance with Figure 4(f),

at thenplteyipegiphbry padthat ist labemweldddyi Thus, hatcomdenGedistant
gas. [0042] Because SUS316L or Cr has a high tol erance:

metdi madeesepsesSdorfluidadcarding to tHecprieBantinvaritonSs ebRdtfucted.
automatically upon conpletion of etching of the S102

[0045] | Figufe eﬁsactﬂ@&mhgnani beasigral detedtng eircdit fot detédil a
so-cal l ed "over-etching” may occur. ][0043] Lastly,

mas$ fibwratecsf tesitid seRSor 8V Ecddfding &6 M Presel iventish. ! 'I3he

is detached fromthe material Wby cutting through,

al tietedtin it c® t
ST As 98B Lt ot a5 5158

sens6} paH Slranih épﬁl‘éswf’és Qéné?ﬁ‘rﬁartl 4, A heafef HHHS ‘éar&hg Myt Ige

mat eri al I's fitted i nto the nounting groove
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in Figure'5, I's wel ded an xed ermsl
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e S i
temperature sensor elements, and 4a1 and 4a2 are strain sensor elements.

[0046] Referring to Figure 6, the mass flow rate sensor part 3 is heated by the
operation of the heater driving circuit 11. When resistance values change with
temperature changes of the upstream side temperature detecting resistance 3a1
and the downstream side temperature detecting resistance 3az, which form the
temperature sensor element 3a of the mass flow rate sensor part 3, while the
gas G to be measured passes through, these changes are inputted to the
differential amplifying circuit 156b as changes of voltage, and the differential
amplifying output is outputted to the mass flow rate output Iterminal 16 through
mediation of the mass flow rate offset adjustment circuit 12b, the offset

adjustment circuit 13, and the multiplying treatment circuit 19.

[0047] Because the corrosion-resistant metal substrate 2, which forms a
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sensor part 3 and a pressure sensor part 4, a heater
driving circuit 11, a pressure offset adjustnent
circuit 12a, a mass flow rate offset adjustnent
circuit 12b, an offset adjustment circuit (for fine
tuning) 13, a gain adjustnment circuit 14,
differential anplifying circuits 15a, 15b, a mass fl ow
rate output termnal 16, a fluid pressure output
termnal 17, a signal treatnment circuit 18, a
sensafipatdl ofithe preseatinventiors iis made td Be aahia.film the sensbkgart 1
As shown in Figure 6, 3ai and 3a2 are tenperature
straipe veithy thel gas ressupe When gasid fpagsed through, thuseresatting in
el enents. [0046] Referring to Figure 6, the mass flow
changesefgesistanceaalies of thé tahsstatiye UBRCAG PésistaABes Bal, Ma2
heater driving circuit 11. Wen resistance val ues
of tivhategpendtiile sbASHICBA! Woe agh @ GRSk thé hmd(?%stdmm 8f e
tenperature detecting resistance 3ai and the

tempeatard seror 3hERahgarper at ure detecting resistance 3a2,
which formthe tenperature sensor elenent 3a of the
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[0049] In either case of when the heater 3b is operated or the heater 3b is not
operated, experimentation has confirmed that output of the sensor S changes
with change of fluid pressure. Or even with the same heater operating current,
experimentation has confirmed that the amount of change in the resistance
values, due to fluid pressure P of the upstream side temperature detecting
resistance 3ai and the downstream side temperature detecting resistance 3az,
differ.

[0050] As stated above, when an ordinary resistance bridge circuit is employed,
a problem occurs in that output of the sensor part 1 changes with the generation

of strain. However, using the signal detecting circuit according to the present

invention, the sensor S is constituted so that the rate of amplification of voltage
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[0048] Figure 7 shows the relationship between fluid
pressure when no adjustnent is made with the pressure
sensor part 4 (nanely, the gain adjustnment wth
pressure offset adjustnment circuit 12a, the adjustnent
with offset adjustnment <circuit 13 by output fromthe
signal treatnment circuit 18, and the gai n adjustnent
with gain adjustnment circuit 14), and the mass flow
rate output (the output nV of output term nal 16)
valugs.: putputted framgthecipstieam side demiparature detectingaresistance 3aq
i nvention. Curves A B and C show the neasured val ues
and the, dowasiceare side teropenatite def¢dlingaksistamée 3a2 antehe offset,
tenperature detecting resistances 3al, 3a2) with three
are fingriined. thrauptothe mesiiatioar ofcstsain clensive slenientd dai e4az3 the
is operated or the heater 3b is not operated,
presswecoffset atjustroentheircuit ot ¥a, itee ighbbtreatriant icirediit 1Beand the
sensor S changes w th change of fluid pressure. O
like, swithnthei oltpuh froenthe preabere sermon paftgs.C UTK) Ichanges in the
experinentation has confirnmed that the anount of
outputhaolimge rvalles ofsthet tamseratiaé Uestectitie résistahbés! 3a1, 3az,
pressure P of the upstream side tenperature detecting
produes syt thecapphieation 6f thé GudPreSUre PTisstdiR el EIBEY By} 4dj6sting
detecting resistance 3a2, differ. [0050] As stated
the afdrevaentidhed @fiplificaliolRFate 'zl the UMe8t. PTAIY fesiiif ?t“(hécoh‘?es
enpl oyed, a problemoccurs in that output of the

possibRN &Rt duAdlt Shatlgad BTthii ddnsbBador elfyafﬂeogas Dfessuté! dre

However, using the signal detecting circtit according

perfettly CHRStRIINSE thus IMNERY it0Possitie téed?':é?l't i % d
s%ythat the rate of Iglgnplﬂig?i cation o av%t%é%m?é o
rate. val ues, outputted fromthe upstream side tenperature

detecting resistance 3ai and the downstream si de

[0051§ € réblill&tﬂféﬁaﬁrékﬂﬁﬁsﬁﬁg o8 géﬁs&%%??&dta'&ﬁon‘aﬁrggﬁg%?

are tine-tuned throug ratron or strarn

reccl B, Fur ) s PRSI Koo e B il
of heater 3b and the resistance value, Figure 8(b) shows the relationship
between the current value of heater 3b and the resistance value, and Figure 8(c)
shows the relationship between the gas flow rate (SCCM) and the detected
output value (V), respectively.

[0052] The resistance value of the heater 3b of the temperature sensor 3a,
used to measure various characteristics in Figure 8, is approximately 2.4kQ,
and the resistance values of the temperature detecting resistances 3a1, 3azare
each 2.0kQ (both having identical values). 10mA current was passed to the

heater 3b, and 1.2mA cument was passed to the temperature detecting

resistances 3ai1, 3az. Also, the fluid pressure was kept at a specific value of

100kPaG.
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like, with the output fromthe pressure sensor part 4.
Thus, changes in the output voltage val ues of the
tenperature detecting resistances 3ai, 3a2, produced
by the application of the fluid pressure P, is
cancel l ed out by adjusting the afore-nentioned
anplification rate and the offset. As a result, it
beconmes possible that output changes of the sensor
part 1, by the gas pressure, are perfectly

[0053pn furthemaare, changesin tig ottppbseslubl of the Server dart ¥ were
detect mass flow rate. [0051] : Figure 8 illustrates

approximatelyet.0¥ when thé gasdlonsiate Was anadd 10 changewh e eange of
the present invention. Figure 8(a) shows the

0 to 1603CCM {Howebert treouthtievalienwas atiplified 800 BRRith e
the resistance value, Figure 8(b) shows the

amplifidrat i onship between the current val ue of heater 3b
and the resistance value, and Figure 8(c) shows the

0054F | i 4 i,
[0054F| It dduitidn, bebatse e sitButovdiud bPie sdriof §Q{%’8@ng

detected output value (V), respectively.

the deBaSIARREChIGhLST thS 16N PabeRjed beRlet thb 'ﬂswtrs%n%b%&sen

sensor 3a, used to neasure various characteristics |

10 of thefluRl Sendof SAAR] el fitd Bhdsageholm in ?’ggurte hg ES%‘%Q?&%‘E

val ues of the tenperature détecting resistahces

e S e ek 454y

OMA current was pass

i ¢ det ecting
B o TS AEq n O, P e AR RS orecsur o was

100547 gt IRBEES e Yoot bOBSERWig fiaw rple’ fa ey,

ur t her nor e,
cup3 s SO S Lol RS BBk
perfoémﬁ%’ﬁyﬁfée Bg&%ui’éj%@#gorvﬁryf a¥%ho¥Ph! FibG2 8°0AL 'sHE®n in : -
Figure 9, Curve A1 shows the case when the pressure sensor part 4 is not -
operated with a fluid pressure of 100KPaG (namely, Curve C as shown in Figure
8). Curve A2 shows the case when the fluid pressure is raised to 150KPaG
(namely, the pressure sensor part 4 not being operated, and other conditions for
experiments are same as those of Curve A1). Curve A3 shows the case when
the pressure sensor part 4 is operated with fluid pressure of 150KPaG (other
conditions for experiments are same as those of Curve A1). In accordance with
the sensor S for fluid, according to the present invention, testing confirmes that
even when fluid pressure changes from 100KPaG to 150KPaG, changes in the
flow rate-output characteristics are completely prevented by operating the
pressure sensor part 4.

[0056] Figure 10 shows one example of flow rate response characteristics of
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anplifier.) [0054] In addition, because the output
val ue of the sensor part | depends on the clearance
(the height of the fl ow passage) between the flow rate
sensor base 10 of the fluid sensor S and the fluid
passage shown in Figure 14, as described |l|ater, the
range capable for neasuring flow rate can be
appropriately switched by adjusting the
af ore-nenti oned hei ght of the fl ow passage. [0055]
the pensar & torifiujd, and also; shows charactesistits in thetcasewtieruihe gas
flow rate and sensor output at a tine when the
flowprate Sigr setsah dbito pHIASACMs e rshows by dFigdies stOye@arvesSA
performed by the pressure sensor part 4 as shown in
dempngfrates ghe ,fé“s reteuresponse gharacteristitsr oethdl seiswnsS tftvefluid
case when the pressure sensor part 4 is riot operated
accayling ta the presept ipvention, and HRORTal {xisiehmdudiedis 260aBec
shown in Figure 8). Curve A2 shows the case when the
blocks. uiGurpe Sfsillustrates flaw sate respdriseidParacténstice lundek R same
oressure sensor part 4 not being operated, and other
conc&ma' ias those fobithe engssrflawerdte sansorswitfe adcorivBARGhA pré3siive
Ai). Curve A3 shows the case when the pressure sensor
type flamt rate icontplisrat Eigums 11 i§ buiciv bloeksdisgraff oft HY<RaGsuring
(other conditions for experinents are sanme as those
circuibius@d faranéasuringthe eslatichenips showh in Fliftirsé 9N5&vedn s flow
fluid, according to the present invention, testing
rate (SGCM) ams déteated critsut veRRVA bEihe J36@SBEATOIGNEE SerfdoP &
I OCKPaG to 150KPaG changes in the flow rate-output

accordivey &ether prebbniSin@emticho "L %égfsc%éeﬁt %Pgé(dl ] g{m% A

the pressure sensor part 4. Figure 10 :
gas soufces@tihe preséureWpefiéw reeRInesIIsH ey ﬁ%@%ﬂ file res&lre

(23) the sensor S for fluid, and al so sho

- adjusteraf Qeindr thetdxhaustedfioi FAS 9s WUt witR Dressure type flow

rate controller 42 while He is exhausted by the diaphragm vacuum pump 43..

[0058] The sensor S for fluid, according to the present invention, which is a
sensor to be tested, is fitted to the primary side flow passage of the pressure
type flow rate controller 42. As shown in Figure 11, 44 designates a driving
circuit for the sensor S for fluid (a flow rate sensor), 45 designates an
oscilloscope, and 46 designates a signal transmitter. The flow rate output So of
the sensor S for fiuid is inputted to the oscilloscope 45, and is contrasted with the
flow rate measurement value Fo from the pressure type flow rate controller 42.

[0059] Figure 12 is a flow block diagram of the measuring circuit used when
supply pressure of the afore-mentioned sensor S for fluid, according to the
present invention, changes. As shown in Figure 12, 47 designates a 3-way

switching valve, 48 designates a mass flow meter, 49 designates the secondary
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flowrate is set at 0 to | OOSCCM As shown by Figure
10, Curve SA denonstrates the flow rate response
characteristics of the sensor S for fluid according.
to the resent g present invention, and the |ateral
axis is graduated in 250nmsec bl ocks. Curve SF
illustrates flow rate response characteristics under
the same conditions as those of the mass flow rate
sensor with a conventional pressure type flowrate

sidepipe paksage (withy thee inher icapacifyl ofivl Sdcook 50¢¢)g 68 rdesigriates a
measuring circuit used for neasuring the

pressufieaadjostiiy yalve ithendegre€iaf openihghsy wejestegiothat P2 Wecombs
(SCCM and detected out put value (V) of the

100Timatdhertlet floweate bf B0SCOM)s and B, Pedusighabg)piedsiifecgages.
present invention. Helium (He) gas is suppl ied from

[0060heWHien thes misasureméit isocoitictids IRG srebstite of My Hat gas
controller 42 through the pressure ‘adjuster 41,

supplibe teethleanadsfibw hieiter 48, ant So tHRRAEAEEES \fértffﬂndJ(aeﬁr%Hﬁ& dﬂ'ﬁée
flow rate controller 42 while He is exhausted by th

preséitamntio M- \LASeHEdr B BB nichsured)dA@38thd P%s%ﬁ%e %o&v%te

fluid, according to the present invention

contrdRsrSa lstrﬁad@tot&r%hgg’by' o%e“rmlﬁg?cﬂ‘&slﬁ@tﬁehﬁ \A}l'sWﬂEbﬁnﬁ 'vgﬁle 47.

fl ow passage of the pressure type f

The %hBQN Bipe Passdfe $9BMhE Prédsur @p% ﬁ% gﬁ?@&%ﬁ 92 B

driving circuit for the sensor

set §oa¥r%t S&N el caﬁécﬂf% 9BRE 3%“ eccPThAéA(#' Oth& 08 nﬂg& é%te

eS|gnates a signdal trans |OM/T

Presstffe ‘P’fz is Shiesea Lbépthaﬁréguré || ugtn’@ v{a}OQ %Phs%?wta?ﬂﬁh dressure

osci | | oscope I'S COﬂ

P2is 100YoH gﬁé &?%g@g]rétg%gggc éﬁ]h%mﬁg% ﬁ'elra%ﬁ

controller

o LT Bl A U o5 60 U

pressure o

: detecl?ér‘?cﬁmg Lérlg fttﬁg mdé;’srésqg)ﬁg{nggé}v %n{He @ete&ga BSG ratd o Gcf%)e
pressure type flow rate controller 42, and the pressure measurement values P1,
P2, respectively, are inputted to and recorded by the oscilloscope.

[0061] Figure 13 shows measurement results obtained with the
afore-mentioned measurement circuit shown in Figure 12. The state of
changes in the detected values Fo, P2, So, Mo is shown at the time when the
supply pressure is made to change from 200KPa - abs to 150KPa - abs. It is
revealed, from Figure 13, that when the detected value So of the flow rate of the
sensor S for fluid, according to the present invention, is compared with the

detected value Mo of the flow rate of the mass flow meter 48, both detected

values So and Mo of the flow rate (flow rate signals) keep up with the changes in

supply pressure
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swi tching val ve, 48 designates a mass flow neter, 49
desi gnates the secondary (24) side pipe passage (wWith
the inner capacity of 15cc or 50cc), 50 designates a
pressure adjusting valve (the degree of opening so
adj usted that P2 becones 100Torr at the He flow rate
of 20SCCM, and Pi, P2 designhate pressure gages.
[ 0060] When the neasurenment is conducted, the pressure
of the He gas supplied to the mass flow neter 48, and
to t[ﬁ@bgélﬁ%@?t1@&‘86Fﬂu@ﬁapp@erbroduct of the present
invention - a sensor to be neasured) and to the
[006g} cEigyre 14 phews ope example ofanfiyid suppliet 2quipped evithtzpsensor
change by opening/closing the 3-way sw tching val ve
S fon fluid, Beeorsding teldhg ppesent javentigr. 419 alsd shows pr stateliof the
" type flowrate controller 42, is set so that its
senspn e forcfiiid dhalyisi fittexh b theojoiritOpar} 20Amdunteldeors te gaa flow
side Pressure P2 is adjusted by the pressure
passag¢.ushs shownliv Eigiide 44, 2 hdesighastes adssty of thefointpaH2d, oy
when the He gas flowrate is 20SCCM during the full

designatet asensaribmse wessdre2d desigmatps Biwiddg sabarﬂerés@ﬁ 24
flowrate So of the sensor S, -the detected flowrate

desigriatasf a Wiringnsutstriatey @5rduisignatst, a Gliide P, 26 @bidr a0 4 dliRte
Fo of the pressure type flowrate controller 42, "and

pin, Z7Thdegigrenes!a ene@bGaske B desijriatss &rubbeP3heste 20 Aebighslos:
are inputted to and recorded by the oscilloscope.

a leafl QG ldndr3@ desighates PG VRS (4 §O1B Wird) €S thé BffRirAdMRed

with the afore-mentioned nmeasurenent circuit shown I n

guidefpigs 8, IR areliiedSoR besifdning Eﬂﬂﬁ%s fid tae sBRE&CE %eﬂ itis

val ues Fo, P2, So. Mb is shown at the tinme when t

fitted Soplittsifé BEHIE BodyD MR AR rinRtisAMREA #18 @Qﬁsast{]‘g(f ah&

150KPa abs. It is revealed, fromFigure

* the bodie ishRaifliRd BPtheahe@il gesket 27 he flow rate of the

sensor S for fluid, accofding to the present

" [0063] NVIEGItRE uldSgAOGTRNA th ok tb i AAL-FERRA 218 1HA JMBsel

the flow rate of the nass ow neter 4
through a fluid passage 21b, the mass flow rate of gas G is detected by the

sensor part 1, and the fluid gas G flows outside via the fluid flow-out outlet 21c¢.
In accordance with the present invention, there is no risk at all that the substrate
2 is corroded by the gas G, as occurs with conventional silicon made substrate,
because the gas to be measured passes through sensor S while contacting with
SUS316L made substrate 2.

[Embodiment 2]

[0064] Figure 15 shows the case where the sensor S for fluid, according to the
present invention, is fitted to the main body part of the pressure type flow rate
controller. As shown in Figure 15, S designates a fluid sensor, 31 designates a

body, 32 designates a pressure detector, 33 designates a control valve, 34
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values So and Mo of the flowrate (flow rate signals)
keep up with the changes in supply pressure (25)
[ Enbodi nent | of the Fluid Supplier] [0062] Figure 14
shows one exanple of a fluid supplier equipped with a
sensor S for fluid, according to the present
invention. It also shows a state of the sensor S for
fluid that is fitted to the joint part 20 nounted on
fhe gas_flow passage. As shown in Figure 14, 21
des'segte%r?a?@go-&lmvﬁve gdriving gevice o3 designates andmﬁcg aad 86
a sensor base presser, 23 designates a wiring
desigpatesadfilierpr esser, 24 designates a wiring substrate,
25 designates a guide pin, 26 designates a guide pin,

27 dEmbgdiment 3 metal gasket, 28 designates a rubber
sheet, 29 designates a lead pin, and 30 designates a

[0065} 2 Fighre d6(shayed dn\altesjate 'fltmga;bmmtmn*raﬁ theosenkor B iférefluid
pins 25, 26 are used for positioning the mass fl ow
according ta thespresentimention. | Howbver iei substantiallythedaintd as that
body 21. Herneticity between the sensor base 10 and

in Figire' 15 0 Binad thesstromitureaif meprebsurt tgpeméva rateasdi@olidand its
[0063] Wiile the fluid gas Gflows in fromthe fluid

mainf parts- have beert diddlased by, faseesnple JapagBsé PataHt NPISFRGE,
21 b, the nmass flowrate of gas Gis detected by the

the BOKUEKAIPHEL Nb, 11a345027eafhd WitttbrgaexpgRaridtRnSolthis lséﬁctuieﬂns
the fluid fl owout outlet 21c. I'n accordance wth the

omittedesat The emdthod .of i al Serer 1S i filid 3 thd Raknet fMethe
substrate 2 is corroded by the gas G as occurs wth

embadkneANSfi Kigave 6 hs BRI ifTBi8res WP StHeRéBre, tmsswé%eid?&lélﬁﬁ

to be neasured passes through sensor
is nocrepeatetti ng with SUS316L nmade substrate 2. [Enbodl ment
2] [0064] Figure 15 shows the case where the sensor S

f or[Embddimestgor ding to the
[0066] Figure 17 to Figure 19 show another example in which a sensor S for
fluid, according to the present invention, is fitted to a structural component,.
which constitutes a fluid controller. Figure 17 is a plan view, Figure 18 is a
cross-sectional view, and Figure 19 is a side view. As shown by Figure 17 to
Figure 19, 37 designates a relay substrate, 38 designates a bearing, 39
designated a fixture screw hole for the sensor S, 51 designates a fluid flow-in
inlet, and 52 designates a fluid flow-out outlet. The method of fitting a sensor S
for fluid is the same as those described in Figure 14 and Figure 16. Therefore,
an explanation of the fitting method described above is not repeated here.
Feasibility of Industrial Use
[0067] The present invention is mainly used for detecting mass flow rate and/or

pressure in gas supply lines of semiconductor manufacturing facilities, various
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present invention, is fitted to the main body part of
the pressure type flowrate controller. As shown in
Figure 15, S designates a fluid sensor, 31 designates
a body, 32 designates a pressure detector, 33
desi gnates a control valve, 34 (26) designates a
Pi ezo-el ectric valve driving device, 35 designhates an
orifice and 36 designates a filter. [Embodinment 3]
ki d%opq%%n ure 16 shows an alternate fitting position
ndg,pt ehgmicg B’BPU@! mapuffaptsanag equipsentnand thet like. ar, the
i nventi on. Is substantially the sane as
presgrpﬁdpveqtpn Iﬁa@t}?ﬂsmig Ut’@%f@f drtecting masgrfémiat@apd PEassum
flowrate controller and its main parts have
ofa Ql%‘g'ﬁ the gas supRly liges ingnaay industsial feldainese Pat ent
No. 3291161, the TOKU KAI-HElI No. 11-345027 and ot hers,
expl anation of this structure is omtted here. The
met hod of fitting a sensor S for fluid is the same in
the enbodi ment of Figure 16 as that in Figure 14.
Therefore, the above explanation is not repeated.
[ Enbodi nent 4] [0066] Figure 17 to Figure 19 show
anot her exanple in which a.sensor S for fluid,
according to the present invention, is fitted to a
structural conponent, which constitutes a fluid
controller. Figure 17 is a plan view, Figure 18 is a
cross-sectional view, and Figure 19 is a side view As
shown by Figure 17 to Figure 19, 37 designates a
relay substrate, 38 designates a bearing, 39
designated a fixture screw hole for the sensor S, 51
designates a fluid flowin inlet, and 52 designhates a
fluid flowout outlet. The nethod of fitting a sensor
S for fluid is the sane as those described in Figure
14 and Figure 16. Therefore, :
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an explanation of the fitting nmethod descri bed above
is not repeated here. Feasibility of Industrial Use
[0067] The present invention is mainly used for
detecting mass flow rate and/or pressure in gas
supply lines of sem conductor manufacturing
facilities, various (27) kinds of chem cal product
manuf act uri ng equi pnent, and the |ike. However, the
present invention can kgopb®pChin!ized for detecting
mass flow rate and pressure of a gas in the gas

U e didigas: 1 n many industrial fields. (28) Scope of
Caim Wat we claimis: [1] A corrosion-resistant
nmetal made sensor for fluid conprising: a pressure
sHs oA qoardsicarrbsistastanefal madeatenseefos duidpeomaprisingig
fornmed on a conmmon,corrosion-resistant t al

8 FSETT.4F SSNSaf PR ABd & eSS JRYJPTE sEsCf paftiring formed on @
EbMdrPédFredio redistahimeail Sabstrateenent instal led on a
back face side of a fluid contacting surface of the

cosRig sprensures sensant parbingudesna thisr Bl demingrs strainogensor
%@k@erﬁ%&%ﬁe@ Ynta 'bréglr(] gggé sfid BF 9. ffdiJg gofwgd’é:ﬂ'gﬁ %tl.ﬁfeacg of the

enperature sensor a heater ins ack
tamesiondesistant hetéll subdtratepnt acti ng surface of the

cur i BReFL o PR pobed, PETOAMANEe S| QI foming 2

sPRSEatraIdenksr S04 bafdaRst iRYtaliad ©Arthe HREK tdedsigdiop tie Adiid
the pressure sensor part. [2], A corrosion-resistant

rertarting gurfaen o6 the serrpigndesistant anefalisubstegta wherein any

W?gﬂ&%@&ﬁe BFHs%Hfé SNteSRASS AS rIB!nsotPart iSkSrécted by
Itted 1nto a nountl ng groove

a corresponding output of the pressure sensor part.

[2] A corrosion-resistant metal made sensor for fluid as claimed in Claim 1,
wherein said corrosion-resistant metal substrate is fitted into a mounting groove
of a corrosion-resistant metal made sensor base in a state in which the fluid

contacting surface of the corrosion-resistant metal substrate is exposed
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of a corrosion-resistant netal nmade sensor base in a
state in which the fluid contacting surface of the
corrosion-resi stant nmetal substrate is exposed 29 r
outwardly, and the peripheral edge of the
corrosion-resi stant netal substrate is hernetically

o P AU B GRBhera] Bl o o SRRl S el llbstate s

whaemhetichlewatdss tof the semstr easensor part furt her
conprises an insulation film formed on a back side of

the fluid contacting surface of the

ng]os' R%oﬁ%nbﬁ-?@s”étant%ét%ﬁ rr?ddl@sédn%refor %uﬂ"ésaélaifﬁéd"h Claim 1,

forns a te rature sensor and heat er
t hethergin themass ratetdepsor pamfu@w@ro@mnpmse@ areingulation film

fi | Q0= 1 &S] - i '

1 [ifteson. g LERE B85 o7 g B RoRBloolly i adPbitng BBRgSioh Jesistant
Pr m?lr eubﬁr@ter aogiétﬁf tﬂm’g hivat Cformsicisitagwpeaatumssdrmb'r @nd a
i|mformed on a back side e uid co tin

su L‘P%f@é thgreupAr apgrd BAteF! @ms{% veﬁé‘@%me?ﬁ@?ma? e, a
netal filmthat fornms a strain sensor thereupon, and

a protection filmto cover the netal film {5%4 Aflu

su&h y fesareesipprregiftant matakbgadessensersiar ftul ta%kaa'ined in
rm@?a,ﬁ.ﬁqsg,r Cidifn 8! Wherdirs R r@é’s‘?ﬁe Cs'%%%FbSFt'fEﬁﬂePﬁompnsmg
that t corrosion-resi sta met al nade’ sensor

f | an insadatigrafi Ineﬁbrmeddmumbaclosidemfathm fiid contaotingdsusface of

dcontroll in _orde the f r .
® et Saah s Eint Bet Sbslaf, o Metal it 1B6F 1y 2 strain
t heendatithefsuiior|and 8lprétetlion fira ¥d BbVetibei aetal iimwhi ch
the corrosion-resistant netal made sensor for fluid

I's enployed characterized by that the sensor base of

E:Ihg] ﬁgrA OffhiaNs (B PlyS HaliceTebrawHIBK @he B8R bsioM-rd distant ametal
made sensor for fluid is employed characterized by that the
corrosion-resistant metal made sensor for fluid as claimed in Claim 1 or
Claim 2 is mounted on a fluid controller in order that the flow rate and

pressure can be appropriately checked at the time of the fluid control.

[6] A fluid supply device for which the corrosion-resistant metal
made sensor for fluid is employed characterized by that the sensor base
of the corrosion-resistant metal made sensor for fluid as claimed in
Claim 2 is positioned inside a fluid passage of a body communicating
between a flow-in inlet for the fluid and a flow-out outlet for the fluid with
a metal gasket placed in between to ensure hermeticity between the body

and the sensor base.

[7] A fluid supply device as claimed in Claim 6, wherein said
hermeticity between the body and the sensor base is held by thrusting the
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Caim2 is positioned inside a fluid passage of a body
communi cating between a flowin inlet for the fluid

and a flowout outlet for the fluid with a netal

gasket placed in between to ensure herneticity between
the body and the sensor base. [7] A fluid supply

device as clained in Caim®6, wherein said

hemegdl igdisk¥t RrbUGe 'thé heedpatibh an%éé%ﬁm& aaaeatltﬁe same
hel d by t hrusti n% the 30 netal gasket th ?ﬁg

rTettl'I"ﬂt $iiffnese ohd geﬁ%@orbbw thrdsting the @a gaskeé is set

GeSIRVERE raner e SRBheOE A 8 Wiota QetREy 1B Meintain, saic

nﬁtexmejm:ﬁy,ethUSJ suppr&ssmg staih ohdhewnass tfipw tatessensor part

S Bl S0 Bl e Bt o

g&ﬁb%bnggﬁéu@st by the sensor base. 31
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